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St* J ? ,lf r> ? Vc ' KENRIC ? PETROCHEMICALS. INC. a corporation of the !, 
. State of Delaware, one of the United States cf America. East 22nd Street ' 
Bayonne, New Jersey, United States of America, do hereby declare r ne invention' i 
5 for whicn we pray that a patent may be granted to us. and the method bv which it i< k 

to be performed, to be particularly described in and bv the following c l it e m*nt-_*' s £■ 

Inorganic materials have long been used as filler's, pigments, reinforcements ~ 
and chemical reactants in polymers. They are essentially Tivdrcphilic. i e easily 
wetted by water or able to adsorb water. However, 'their compatibility with 
10 polymers is limited. Therefore, poor utilization is obtained of' the poten/ia' 

reinforcement, of color or opacity, or chemical reactivity of inoreanic materials* m 

r f X *x?)P e - Zinc OXide ls a commonly used cemoonent in rubbe- 
compounds. When comminuted zinc oxide is added to a rubber compound as a dry 
powder, it is difficult to disperse it completely in the rubber. On the other hand 
15 predispersion of the zinc oxide in an organic medium which is a piasticizer for th.- 

rubber forms a stiff paste which is not dusty, is easv to weieh", and aids in the i c 

dispersion in the ruober. w iD 

Likewise, other comminuted inorganic solids such as magnesium oxide 
ca cium oxide, other metal oxides, and fillers such as clav. calcium carbonate* 
colloidal silica and carbon black may be predispersed in an organic oiasticizer or 
polymer prior to addition to a rubber or olastic comoound " ' - A 

Organo-trtamum compounds are well known. A wide variety mav be nreoar-d 
from tetraalsey! orfho titanates by reaction with organic acids. 'as for example m 
U.b. ratent 2,621.193. 

?«, .u„, 9 rgano " t , itanatcs havin S *■ or tr>- aJkyl hydrolvzab'e sroups aid with 

therrefore. omy one or two organic groups which are no'n-h vcroTvzable have been 
7 i! s V t ?.,' rcat tf I e sarfaces of inorganic materials in o'rier 'to render them 

h^d rophilic as icr example in U.S. Patent 3.660.)54. Such di- or iri- aikvl « 
Ryarolyzabfe utanates form a mu!t:-moJecuiar iaver or envelope around the •* 

30 inorganic partic.es. resulting in less efficient use of the oraano-titanate. as we<! as a % 

w . eaKer DOna between the inorganic panic!* surface and the organic continuous m 
phase. ~ . JW "■} 

The reaction is accomplished bv adding the onzano-titanstc to a suspension of <f 

the inorganic material in an inert solvent, such as naphths. :nchJoroethv|cne % 

toluene or hexane. After {he reaction is completed, the solver- is removed and the ^ 

treated, dried inorganic materia! is subsequently incorporated in an organic 35 ;i 
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polymer system. U.S. Patent 3,697,475, for example, incorporates such treated 
inorganic fillers in thermoplastic polymer films. 

re of organo- 
e or,each OR 
- -.. OCORHs a non- 

hydroiyzable group zs hereinafter defined at least oxieJCLCOR' group having from 6 
to 24 carbon atoms, and n is more t han 3 but not greater than 3.5, the mixture 
including at least same of one or more of the compounds represented by the 
formula TKOR^CGCOR')^ where m is an integer of from 1 to 3. 
iL By "hydrolyzab'kT is meant a group which will cleave in an aqueous solution 

having a pH of about 1 at a temperature of less than 100°C. Hvdrolysis may be 
determined by anaiysirrg for liberated acids and alcohols. By "non-hydrolyzable" 
is meant a group which will not cleave under the aforesaid conditions. 

Preferably the value of n in the above formula is between 3.1 and 3.25. 
*5 The present invention also provides a composition comprising a comminuted 

inorganic material and an organo-titanate mixture as defined above or a titanate of 
the formula Ti(OR)(OCOR ')pvhere OR and OCOR' are as defined above, the 
surface of the inorganic material having been reacted with the titanate mixture or 
titanate. The present invention further provides a process for producing a 
20 dispersion of a comminuted inorganic material in a polymeric medium which 

comprises admixing an inorganic material, a mixture of organo-titanates as defined 
above or a titanate of the formula Ti(OR)(OCOR') 3 where OR and OCOR' are as 
defined above and a polymeric medium, to form a dispersion of the inorganic 
material, the surface of which has been reacted with said organo-titanate, in the 




hydrolyzable group is removed and a bond is established, thus forii^ng an urganic, 
hydrophobic surface Layer on the inorganic solid. The inorganic solid, prior to 

-a) surface modification, is difficult to disperse in an organic medium because of its 

hydrophilic surface. However, when the organo-titanium compound is 
incorporated into an organic medium (low molecular weight liquids or higher 
molecular weight polymeric solids), preferably a rubber medium, the surface of 
the iiiGiguiuc solid is wet-cut, agglomerates arc readily broken into individual 

35 particles, and a dispersion having improved properties is formed. Alternatively, 

the organo-titanate may be first reacted with the organic solid in the absence of an 
organic medium and thereafter admixed with the latter. 

The method of the present invention converts the surfaces of inorganic 
materials from a hydrophilic to a hydrophobic state preferably by reaction in an 
organic medium. This preferred procedure eliminates the prior art intermediate 
steps of dispersing the inorganic material in a solvent, reacting, filtering and drying 
the inorganic solid before dispersing it in a polymer. 

By means of the present invention, the dispersion of inorganic materials in 
organic polymer media is improved in order to obtain: (I) lower viscosity or higher 

4 -> loading of the dispersate in the organic medium; (2) higher degrees of 

reinforcement by the use of fillers. Thereby resulting in irnproved physical 
properties in the filled polymer; (3) more 'complete utilization of chemical 
reactivity, thereby reducing the quantity of inorganic reactive solids required; (4) 
more efficient use of pigments and opacifiers; (5) higher inorganic-to-organic 

^0 ratios in a dispersion, and (6) shorter mixing times to achieve dispersion. 

Aiso, according to the invention herein, the reaction with the single 
hydrolyzable group of the organo-titanate may be carried out neat or in an organic 
medium to form a liquid, solid, or paste-like solid dispersion which can be used in 

ss the compounding of the final polymeric system. Such dispersions are very stable, 

i-e., having no tendency to settle, separate, or harden on storage to a non- 
dispersible state. 

Moreover, the invention simplifies the making of inorganic dispersions in 
organic media by providing a means to eliminate the solvent, to reduce the cost of 
processing equipment, and to reduce the time and energy required to disperse an 
inorganic solid material in a liquid or pciymeric organic solid. 

lhe present invention results in the formation of a reinforced polymer which 
has a lower melt viscosity, improved physical properties, and better Pigmenting 
characteristics than are displayed in prior art materials. 

the practice of the present invention achieves a product comprising natural 
or synthetic polymers which contain particulate or fibrous inorganic materials 



prese^Stio^ if?^°H ?SeS ^ e -P^t»cc of this embodiment of the 

a requi red in the nrinr ?5 P *" s,n S. WIth the " se °" volatile and flammable solvents 

s'aning tS „„L v ™c many of the compounds of the basic 

fnr^'V 11 rega ' d t0 - the n °n-hydrolyzable groups (OCOR'), thev a*e all preferably 
formed from organic acids having 1 to 50 carbon atoms, and at'least one has from 
6 to 24 carbon atoms, such as stearic, isostearic. oleic, lino leic palm tic lauric -nd 
all oil acids, isostearic acid is particularly advantaaeou beS form a (rioter 
SeHii f hq " ld 3t 'Z° m temperature, which is more readnvlc Lb™fn oraani- 

^za d b1e group" Thes'uT 3 t> * t^' nUmber °l Carb °" *°™°n tfU Sn'SSS 
lytdoi^ groups. I he sum of the carbon atoms in the three R' ernun* for 

fS^iSS^^J^M 000 ^ is ^ eferabl > «« ^^urSermlre^ 
irouD having from I t ?? e R ^oup must have a long chain bv which is meant a 
group having from d to 23 carbon atoms in order to give the necessary viser^i'v 

5?S?SL2ie e ^f- Pr0d ' JCt ° f the ° rganic tkana ' e the o "an c 

mi*m!»t y \. R S rou P s are a 'kyl groups having up to' 73 carbon atoms • 

alkenyl groups having up to 18 carbon atoms; or arvl alkarvl or a-?kvl 

substifut^ w°th 23 h ? arb0 " at ° mS - Ad ^tionally, the a£ d ro^ft 

group Gene X f JLT^T n V ar ^ y, '- epc ^ ° r * ther " «tS 

fl^S ueneraII - v trom 1 to 6 of such substitutions may occur Still further the R' 

STSSl? am mtermediate hetero-atoms such as 

Th.„ A i!o° f K hC . grou P s r in the organo-titanate compound need not be the same 
matenal may be reacted with two or more organic 3 " S 

P £am P ot, a o? n ,L b, i , . milCd «P<™en t al work in light 

k„„7k j P u" i he S e rol, P5 >re numerous. These include slraiaht chain 
branched chain and cyclic alkyl groups such as hexvl, heptyl octvl decvf dodmvl' 
ctradeeyl. pemadecyl, hexadecyl. octadecvl, 'nonadeevl e cofvl docofvl 

KMasr" and cycW,yi sft* tas 

H . a . lo - substl ' ute d groups include bromohexyl, chlorooctadscv! iodotetradecvl ' 

IntewW P" e ° r m ° re atoms mav be present as §2 

example in oifluorohexyl or tetrabromooctvl. Ester-substi'iuted arvl and alkvl 
fuost P t S uted C Ir de 4 : ca , rb ^>^hyIca P ryi and 3-carboxvmethvUoluvl Amino' 
and'^minloc^ 5 ""^ aminoca P ro >". aminostearyl, aminohexyl, amin^aun-I 

«„.h I H« a « dili0n 10 l .r C fore S? in g aliphatic groups, groups containins hetero-atoms 
such as oxygen, sulfur or nitrogen, in the chain may "also be used ExamSes of 
these radicals are ethers of the alkoxyalkvl type, including methofyhe^yi and 
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ethoxydecyi. A&yhhioalkyl groups include methylthiododecyl groups. Primary, 
secondary and sertiary amines may also serve as the terminal portion of the 
hydrophobic gmup. These include diisopropylamino. methyiaminohexyl, and 
aminodecyl. 

The aryl groups include the phenyl and naphthyl groups and substituted 
derivatives. Substituted aikyl derivatives include toIuyT, xylyl, pseudocumyl, 
mesityl, isodureayl. durenyl, pentamethylphenyTf ethylphenyl, n-propylphenyl, 
cumyl, 1.3,5-triesLiyIphenyl, styryl, allylphenyl, diphenylmethyl, triphenylmethyl, 
tetraphenylmetM, 1,3.5-triphenylphenyI. Nitro- and halo-substituted may be 
exemplified by chioronitrophenyl, chlorodinitrophenyl, dinitrotoluol, and 
trinitroxyLyl. 

A mine-substituted components include methylam inotoluyl, 
trimethylaminophenyl, diethylaminophenyl, aminomethylphenyl, diaminophenyl, 
ethoxyaminopbejrvL chloroaminophenyl/bromoaminophenyl and phenylamino- 
phenyl. Halo-su&aituted aryi groups include fluoro-, chloro-,'brorno-, iodbphenyl, 
chlorotoluyl, brsimotoluyl, methoxybromophenyK dimethylaminobromophenyl, 
trichlorcphenyL bromochlorophenyl, and hromoiodophenyl. 

Groups dersved from aromatic carboxylic acids are also useful. These include 
methylcarboxylp&enyl, dimethylaminocarboxyltoluyl, laurylcarboxyltoluyl, nitro- 
carboxyltoluyl, .aad aminocarboxylphenyl. Groups derived' from substituted alkyl 
esters and ami<3es of benzoic acid may also be used. These include amino- 
carboxylphenyl and methoxycarboxyphenyl. 

Titanates wherein R' is an epoxy group include tall oil epoxides (a mixture of 
6 to 22 carbon alkyl groups) containing an average of one epoxy group per 
molecule and glycidol ethers of iauryl or stearyl alcohol. 

Substituted naphthyl groups include nitronaphthyl, chloronaphthyi, amino- 
naphthyi and carboxynaphthyl groups. 

Specific compounds "'hich have been prepared and found operative in die 
practice of the irsstant invention include: 



where the sum of p + q is more than 6 and less than 18. 

The inorganic materials may be particulate or fibrous and of anv shape or 
particle size, the surfaces of which are reactive with the hydrolvzable group of the 
organo-titamum compound by means of hydroxyl groups, or adsorbed water, or 
DCth. Examples of inorganic reinforcing materialslnclude metals, metal oxides 
ciay, carbon black, calcium carbonate, barium sulfate, silica, mica, glass and 
asbestos. Reactive inorganic material examples include the metal oxides of zinc, 
rrsagnesium. lead, and calcium and aluminum, iron filines and famines, and sulfur' 
examples of inorganic pigments include titanium dioxide, iron oxides including 
yellow iron oxide, zinc chrornate, ultramarine blue. As a practical matter, the 



(CH 3 ) 2 CHOTitOCO(CH 2 ) I4 CH(CH 3 ) 2 OCOC(CH 3 )=CH 2 ; 
(CH 3 ) : CHOTiEOCO(CH 2 ) 14 CH(CH 3 ) 2 ][CCOC(CH 3 )=CH 2 ] 2 ; 

(CH^ a CHOTc[OCO__CO :L (CH^ n CH :5 ] 5 f 





(CH,) 2 CHOTi[OCO(CH 2 ) s NH 2 J,; 



and 



{CH 3 ) 2 CHOTC [0C0(CH a ) p CH-CH(CH 2 ^CH 3 ] 
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Promts 'to sSo r Sc; C on mate!ia! be greater than » mm, preferably' 

^rZS^o^n^^^^ P r °P"'.V admixed with the 
optimum amount oflhe S e t "£ utlfiTri ^V* reaCt efficiently; The 
achieved, the available surface area nf d t .*^ependent on the effect to be 
material. " e area of and the bonde d water in the inorganic 

'rt^S^M'Sl^^^^^' ^ proper conditions. Optimum 
solid, and its decompositiorfnd fi/sn no ?„, Th ' Whelbcr h is a ^ uid °r 

particles, the speSKISt the chc'&T^Zf'? 1 ** S,2e ' ihe geometry of the 
be considered A doitfonal v' thl tr^H L~ m P os,tlon - am °r,g other things, must 
admixed with the P S must be thoroughly 

r« 4*F.r.i,r 'Polyethylene is best processed at a temperature mn° of 350* 
snnop F * ^ gfl density Polyethylene from 400° to 475° F- polvstvrene from 4Sn°^ 
3U0°F and poh'Dronv ene from <znoc -r H>-"»!>iyrene irom 4XJ to 

examples- SlratC further thC im ' enti ° n ' attenl " ion is ^ected to the following 
rw i E * am P ,e . A: Preparation of Organo-Titanate Esters 

Specific Gravity at 74° F 0.944 



Flash Point (COC), °F 315 
Viscosity, LV, at 74°F t cps. 120 
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6 



Pour Point, °F Below -5 

Decomposition Point, °F Above 400 

Gardner Color 15 Max 

Appeaaance Reddish Oily Liquid 

The .above run is repeated, except that instead of adding 3.19 moles of the 5 
isostearic acid, 1.0, 2.0 and 3.0 moles are added. This results in the formation of 
mixtures of isopropyi sostearate titanates having an average number of isostearate 
groups per molecule of 1, 2 and 3 moles, respectively. 

Example B. 

This example demonstrates the effect of admixing the isostearate 3.19 ester 10 
with various fillers dispersed in naphthenic oil. The fillers employed include 
calcium carbonate, calcined clay, high surface area silica, carbon black, and 
chemically oxidized carbon black. The effect of varying percentages of the titanate 
ester on the viscosity of the end product is also shown in the data below: 



7 
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A regular grade of carbon black was chemically oxidized in situ to convert 
carboxyl groups 10 hydroxy! groups. The results are shown below: 

Brookfield Viscosity at 77°F, 
Type of Treatment cps. of Dispersion 



Carbon Black (untreated) 


9,200 


Carbon Black (5% chemically 




oxidized) 


15,800 


Carbon Black (5% chemically 




oxidized and treated with 




3% titanate ester) 


2,700 



10 3% titanate ester) 2,700 10 

The aforesaid data clearly show that materials reacted in situ with the titanate 
ester make dispersions having substantially reduced Brookfield viscosities. 
Marked reductions in viscosity are shown particularly with the calcium carbonate, 
calcined clay, and carbon black. This reduced viscosity greatly enhances the ease 
15 of mixing these fillers with the organic-type materials and results in improved 15 

dispersion at lower energy requirements for mixing. 

Example C. 

This example, using the procedures of Example B, shows the effect of other 
organic titanate compounds on the viscosity of calcium carbonate in naphthenic 
20 mineral oil dispersions. The compositions tested contain 50 parts by weight of oil, 20 

50 parts of precipitated calcium carbonate and 0.5% (based on CaCOj) of the 
titanaue esters. The results are shown below: 





Titanate Ester 


Brookfield Viscosity 
at 72°F±3% 


25 


None 


32,500 




Monoisopropyl diisostearyl, acryl 


■88 




Monoisopropyl trimonococo, phthaloyl 


152 




Monoisopropyl diisostearyl, meihacryl 


175 




Monoisopropyl dimethacryl, isostearyi 


175 


30 


Monoisopropyl tri-2-aminoacetyI 


34,600 




Monoisopropyl tripropionyl 


30,000 



25 



30 



. The above table shows the dramatic effect on viscosity of the titanate esters of 
the invention. The last two examples fall outside of the invention since ail the non- 
hvdrolvzabie croups are short chain radicals. In such cases, the viscosity of the 
35 CaCOj filled oil is substantially unaffected. 35 

The effect of isostearic isopropyl tttanates cn the dispersion and chemical 
reactivity of zinc oxide is shown in the following examples: 

Exampie 1: Effect of Isostearate Esters on the Dispersion of Zinc Oxide in an 
Organic Medium. 



Formulation 


Parts by Weight 


Zinc oxide (—325 mesh, 3. A. 5.3 mVgm.) 


90 


Hydrocarbon oil (Naphthenic process oil) 


7 


Ester as shown below 


3 
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10 



10 



15 



20 



15 



20 



25 



30 



25 



30 



35 



35 



♦0 



Da 



PENETRATION (ASTM TEST No. D1231) at 74°F 
Isostearate Esters 



vs 



alter 
Mixing 


1.0 ' 
mol. 


" 2.0 " 
mols. 


3.0 
mols. 


3.19 
mols.* 


3.70 
. mols. 


0 


(Could 
not 


160 


170 


165 


615 


2 


make 
disper- 


125 


140 


150 




4 


sion) 


89 


105 : 


118 




6 


»» 


85 


105 


115 




7 




80 


90 


112 




1UC i^osiearate 3.19 ester" ~™ 



30 



can be seen by the data thlt, d^S^ii^^ ] ^ C ^J on - c ^^^- ?» 
three or slightly more mols of iu^l^in^^S^ a ,S obtained 

The dispersion made with the isosteara ,1. «t 
same zinc oxide in the untreated I powde form ! ? e f " w ™ ^Pared with the, 
except that 10% less zinc oxide was used when maLino a! K rubber compound 
the treated zinc oxide dispersion described in E«nml? ^ Ub r bcr com PO"nd with 
results are shown in Example 2, as follows" P ^ formulation and test 

^mpounf 6 " ° fTreated ZinC ° xide D -Persion in a Natural Rubber 



15 



20 



FORMULATION 



Natural Rubber 

Peptizer— REOGENT (Trade Mark) 
Stearic Acid 
Zinc Oxide Powder 

9( ?19 es C te°r) DlSpersion ^ostearate 
H ?N330)° k Chigh abrasive fu ™ace black) 
Sulfur 



pZ* ° X / de 90 °° Zinc ° x ide 
Powder (p Is . Dispersion 
by weight) (Example!) 



25 



100 
2 

2.5 : 
3.5 



100 
2 

2.5 
3.5 



30 




35 



10 
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10 



PHYSICAL PROPERTIES 



Stress PSI at 300% Elongation (S), Tensile Strength PSI (T), % Elongation (E), 
Hardness, Shore A (H). 

Press Cures 



at 290° F 


S 


T 


E 


H 


S 


T 


E 


H 


5 


15 min. 


1120 


2850 


500 


55 


1380 


3810 


550 


57 




45 min. 


1380 


2890 


460 


59 


1640 


3780 


520 


59 




60 min. 


1460 


2900 


460 


59 


1520 


3610 


500 


60 





10 



15 



RATE AND STATE OF CURE 
Rheometer at 290°F, 60 Sec. Preheat, 
60 Min. Motor, 100 Range, 3° Arc 



Zinc Oxide 
Powder (pts. 
by weight) 



90% Zinc Oxide 
Dispersion 
(Example 1) 



Max. Torque 


56.2 


ir. /lbs. 


77 


mTlbs. 


Min. Torque 


15 




22.5 




T90(% degree of cure) 


19.5 


minutes 


17.5 


minutes 


T95 


24 




22 


>» 


T2 


2.2 




2.7 





10 



15 



20 



25 



30 



35 



PROCESS TIME 
Mooney Scorch at 250°F. 



Time Scorch Begins 
Time to 5 Point Rise 
Total Time 
Rise Last Minute 
Plasticity 



Minutes 5 
3 
8 
3 

16 



Minutes 5 
3 
8 

3.5 
35 



20 



25 



The table in Example 2 shows the great improvement in physical prooerties of 
a natural rubber compound achieved by the use of the fsostearaie 3\i9 ester 
treatment of the zinc oxide surface even when 10% less zinc oxide is used. Tensile 
strength is increased by 30%, elongation by 10%, stress ac 300% eloneation bv 10°/ 
it is significant that hardness is not affected. The Moonev elasticity is more *han 
doubled at 250° F, while the rheometer data at 290° F shows that the treated zinc 
oxide provides a tighter cure. 

The following Example 3 shows the improvemenl in properties obtained when 
using the zinc oxide dispersion made with the isostearate 3. 19 ester of Example 1 in 
an oii-black extended SBR (styrene-butadiene rubber) compound: 



30 



35 
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^ Sber Co f n5oS f nd Treated Z ' nC ° Xide DiS P ersi - * Stvrene-Butadiene 



FORMULATION 



Compound 
SBR, Oil-Black 
Extended 



Zinc Oxide 
Powder (pis. 
by weight) 



PP 1 849 (Phillips Petroleum SB R) 
Zinc Oxide 

9 ®¥°Q nc ° xide Aspersion (isostearate 
3.19 ester) 

Anti-Oxidant (Flexzone 3C) 
Accelerator — CBTS 
Sulfur 

A ccelerator— TMTM 
Ultra-Accelerator (Vuitac #5) 
Resin Modifier Nebony 100 
Stearic Acid. 



90% Zinc Oxide 
Dispersion 
(hxampie !) 



245 
3 

1 

1.3 
2.1 
0.55 
1.2 
10 
1 



245 

3 
1 

1.3 
2.1 
0.55 
1.2 
10 
1 



PHYSICAL PROPERTIES 

T -sile Strength PSI (T), % Elongation (E), 



Zinc Oxide 
Powder (pts. 
by weight) 


90% Zinc Oxide 
Dispersion 
(Example 1) 


Press Cures 
at 307°F 


S 


T 


E 


H 


S 


T 


E 


H 


30 min. 

Press Cures 
at 280° F 


1175 


2775 


600 


59 


1325 


2929 


580 


59 


40 min. 


1240 


2800 


580 


60 


1350 


2700 


530 


61 



RATE AND STATE OF CURE 
Rheometer at 280° F, 60 Sec. Preheat, 
60 Min. Motor, 50 Range, 1° Arc 
Max. Torque 25,75 in./Ibs. 25.75 in./lbs. 
Min. Torque 5.75 „ 5.65 
TS — 2 9.5 minutes 8.25 minutes 

TC-90' 22.5 „ 21.75 „ 
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RATE AND STATE OF CURE Continued 
Rheometer at 340° F, 60 Sec. Preheat, 
02 Min. Motor, 50 Range, 1° Arc 
Max. Torque 21.1 inVlbs. 22.8 inVlbs. 
Min. Torque 5.4 „ 5.1 
TS — 2 2.15 minutes 1.9 minutes ; 

TS-90 3.9 „ 3.7 

PROCESS TIME : : ■ ' ; 

Mooney Data at 212° F 
Initial 50.5 51.5 

f . 1.5 minutes 40.5 41.5 

. ( 4.0 minutes 36.5 37.5 

The data in Example 3 show an equal or improved condition of physical 
properties with the use of 10% less of zinc oxide. In actual processing, it has been 
15 observed that the isostearate 3.19 ester treated zinc oxide dispersion of Example I 

is incorpoiated into the rubber compound in about one-fourth to one-fifth of the 
time otherwise required for untreated zinc oxide powder. Additionally, the treated 
zinc oxide powder was non-dusty. 

The above data also show that the compound which contains the treated zinc 
20 oxide dispersion has a higher degree of reactivity as well as a tighter final cure, as 

evidenced by the increase in torque, as compared to the untreated zinc oxide. 

The following Exarnplcs 4, 5 and 6 illustrate the effectiveness of isostearate 
3.19 ester in reducing the viscosity of dispersions of various inorganic solids in a 
hydrocarbon oil. 

25 The dispersion of zinc oxide in a hydrocarbon oil results in a greatly reduced 

viscosity when it is reacted with isostearate 3.19 ester, as can be seen in the 
following Example 4: 



10 





Example 4. 


Parts by Weight ■ 


30 


Zinc Oxide 


. 50 50 




Naphthenic Process Oil 


50 47.5 




Isostearate 3.19 ester 


0 2.5 




Bro okfieid Viscosity at 74° F cps (centipoises) 


460,000 80,000 



The reduction in viscosity of the zinc oxide dispersion in a hydrocarbon oil by 
35 the in situ reaction with the isostearate 3.19 ester was 83%. 

The viscosity of a dispersion of titanium oxide is similarly reduced by the 
isostearate 3.19 ester, as shown in the following Example 5: 



Example 5. 



Titanium .Dioxide 
Naphthenic Process Oil 
Isostearate 3.19 Ester 
Brookfield Viscosity at 74°Fcps. 



Parts by Weight 



50 
50 
0 

110,000 



50 
47.5 
2.5 
900 



Example 6. 



Carbon Black FEF N550 
Naphthenic Process Oil 
Isostearate 3.19 Ester 
Brookfield Viscosity at 79° F, cps. 



Parts by Weight 



30 
70 
0 



30 
65 
3 



104,000 46,000 



Example 7. 



Calcium carbonate (low oil absorption 
type) 


50 


50 


Liquid epoxy resin (epoxide equivalent -1 85) 


50 


45 


Isostearate 3.19 Ester 


0 


5 


Brookfield Viscosity at 74°F, cps. 


550,000 


110,000 



resins t ^ 

reduc^ Vg^flSSSS*, fp'S^' Bl & ? ' "^ly^de rubber is 
Example 8: «ostearate 3.19 ester is added, as shown in the following 



14 
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Example 8. 



Parts by Weight 





Colloidal silica (Neosil A) 


50 


50 % 


5 


Liquid polvsrffide rubber (Thiokol (Trade"" 
Mark) HP— 90B) 


50 


45 




Isostearate 3.B9 ester 


0 


5 




Brookfield Viscosity at 74° F, cps. 


8,000 


2,250 



10 



15 



The penetralibn of a paste dispersion of calcium carbonate in a liquid 
(Thiokol) polysulkie rubber was increased when the isostearate 3.19 ester was 
added. Alternatktdy, when the amount of calcium carbonate in the dispersion was 
increased 50%, tW penetration remained the same, through the addition of an 
increased amourst of the isostearate 3.19 ester. These effects are shown in the 
following Example 9: 



Example 9. 



Parts by Weight 



Calcium carbonate (Purecal SC) 


200 


200 


300 


Polysulfide liquid rub'uer (Thiokol LP— 32) 


100 


100 


' 100 


Isostearate 3.19 ester 


0 


4 


15 


Penetration (ASTM Test No. D— 1321) 


45 


82 


46 



10 



10 



15 



15 



20 



25 



30 



35 



40 



45 



The dispersions of Examples 4 through 9 were initially prepared without the 
isostearate 3.19 ester by preblending the pigment or filler with the organic liquid 
medium usine a Ponv mixer. This preblend was then ground on a three-roll mill to 
make the final dispersion. Viscosity or penetration measurements were made for a 
control comparison. 

The effect of the titanate ester was then evaluated by a second set of tests in 
which the titanate ester was added to the organic liquid medium and the dispersion 
made as described before. Viscosity measurements made on the new batches 
disclosed very considerable and significant reduction in %'iscosity demonstrating 
that the isostearate esters of the invention are effective with a variety of inorganic 
materials and in different liquid organic media. This reduction in viscosity 
indicates that inorganic materials treated by the processes disclosed herein can ( I) 
be used in higher loadings. (2) become more completely dispersed in the organic 
medium and in the end product, and (3) create viscosity levels which lend 
themselves to improved manufacturing processes such as reduced energy levels for 
mixing or for pumping of such dispersions. 

These examples demonstrate that the inorganic materials do not have to be 
pretreated and the surface modification can be accomplished in situ by the use of 
the iscscearate titanate ester. Also, the ester is effective in reducing viscosity of a 
wide variety of inorganic materials in a wide variety of organic media. 

The following Example 10 shows the effectiveness of isostearate 3.19 ester in 
producing a shorter mixing time and lower viscosity in a dispersion of magnesium 
oxide in hydrocarbon oil. In actual mixing, it is necessary to add the magnesium 
oxide to the hvdrocarbon oil In increments in order to obtain the maximum degree 
of inorganic to organic loading in the shortest possible time. The table below 
outlines this procedure and the results obtained: 



25 



30 



35 



40 



45 



20 



25 



30 



35 
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Example iO. 

Parts by Weight 



Magnesium Oxide 






55 




Naphthenic Process Oil 






45 


HZ. 


Isostearate 3.19 ester 






0 




Increment 
Addition No. 


Weight 


Time in Minutes 




1 


16.67 


0 


0 




2 


8.33 


0.5 


0.5 




3 


8.33 


1.0 


1.0 






8.33 


2.0 


2.0 




5 " 


5.00 


4.0 


2.5 




6 


4.17 


4.5 


3.0 




n 
$ 


4.17 
55.00 


c r\ 


3.5 




Time to Complete Dispersion 


6.5 


4.5 




Penetration (ASTM Test 
No. D — 1321) 


160 


230 





less 2£i£ time"* WaS therefore made 30 % softer while requiring 31% 

Example 11. 

a °n reacti , ng th 5 iso "earate 3.19 ester with calcium carbonate (a 
K q. r? -c l d Sm - 11 p ? n,c Ll g ^ ade) in siw in ,ow density polyethylene (LDPE sp g 

°^' n thC ta r' e "? el0W " This table c °mpares the melt viscosity vs tune 
lft n « a j "persion of calcium carbonate in low density polyethylene having a 
nwk mdex of 7, when 70 parts of calcium carbonate are blended with 28 parts of 

In these experiments, 2.85% of the isostearate 3.19 ester (based on the calcium 
carbonate) was added before starting the mixing in a Brabender high imenskv 
dm/' - mix l n g. was carried out at a maximum temperature of 200° F and at 8'"> 
' usin g a 5 K § w ^ght on the ram, while the melt viscosity was observed bv 
measuring the torque applied to the mixer in gram meters ' " cr cq oy 

J r! \ , ex P" iments w ere made when the isostearate ester was omitted and 
when two other dispers.on aids, namely, aluminum tristearaie and polvalvcerol 400 
mono-oleate, were usea at the same concentration, namely, 2 85% (based on 
GaCOj). The results are also shown in the followins table- 
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Torque Readings (gms.-meter 2 ) 



Additives 


Time (seconds) 
30 60 


90 


120 


150 


190 


Isostearate 3. B9 Ester 


1250 


900... 


900 


900 


750 


750 


No Additive 


2000 


2000 


1900 


1750 


1750 


1750 


Aluminum Tristearate 


1900 


1400 


1300 


1250 


1250 


1250 


Polyglycerol 4Q0 Mono-OIeate 


2150 


1400 


1150 


1000 


1000 


1000 



When no additive was employed, the torque after 30 seconds of mixing was 
2,000 gm.-sq. meter, and after 190 seconds was 1750. 

When the isostearate 3.19 ester was used, the torque had dropped to 1250 gm - 
sq. meter in 30:seconds, and was 750 at 190 seconds, showing the great reduction in 
melt viscosity sis a very short time. 

When the aluminum tristearate was used, the torque had dropped to 1 900 
gm.-sq. meter after 30 seconds, and to 1,250 after 190 seconds, appreciably higher 
than the titanase ester. The polyglycerol 400 mono-oieate additive produced a 
torque of 2,15© gm.-sq. meter after 30 seconds of mixing, and a torque of 1 000 
after 190 seconds of mixing. ' ~ 

The effectiveness of the isostearate 3.19 ester as a dispersion agent was also 
demonstrated by an additional test in which the 70% CaC0 3 dispersion was mixed 
with additional LDPE poiymer in the ratio of 1 to 9, and then made into film by 
blown-fLm extrusion. Th ^ resulting film was then examined visually to measure the 
number of remaining agglomerated particles per square foot. When no dispersion 
additive was employed, there were 312 agglomerates per square foot. When the 
titanate ester was employed, the number of agglomerates dropped to 16 per square 



^ Example 12. 

This example is similar in procedure to that described in Example 11. 
Titanium dioxide (rutile) was used as the inorganic dispersed phase in- the same 
LDPE as used m Example 11. The dispersion was made at 75 parts TiO, using 
2.67,/ dispersion additive (based on the TiCX), and 23 parts of LDPE. 

The following table shows that with no dispersion additive the torque on the 
Brabender mixer after 30 seconds was 2,250 gm.-sq. meter, and after 130 seconds 
had dropped to 1,100. When the isostearate 3.19 ester was added, the torque after 
30 seconds was reduced to 1,250 gm.-sq. meter, and after 180 seconds was 750 



Additive 



10 



15 



20 



l ime (seconds) 
30 60 




Isostearate 3. 19 ester 
Po.'ygiycerol 400 Monp-Oleate 
Aluminum Tristearate 



2250 
1250 
2000 
1000 



1750 
900 
1500 
750 



1250 
900 
1250 
750 



1250 
900 
1000 
600 



1150 1100 

750 750 

1000 1000 

500 500 



10 



15 



20 



f. 
I 

I: 



25 



750 750 



850 800 



25 



30 



35 



40 



45 



2,5oo w g h m n . s n q ° sa^a^rdr^d^ r^r the - s 

^fearate3 19 ester was added the ^to%u" af ^0™^° SCC ? nds " Wh « n *e 
converted into oFown ^ was red "«d to a 

concentration nf w 

dispe™0„ additive £2 TrnfloyH VP^l^SJ",^! 5 "° a " <"°°' »'l>""o 
agglomerate count dropped ,6 3 13 p„ VJS£ So? ' " eaer ™ s adde "- 

Cumberland grinder empteyini, 14 ™ S h"r« n "Ld°'; P °''" f d ™" r nd » 
-stag t h e B.„ bllry in 3 ^^U^VpT^^r^^ 



30 



35 



40 



45 



18 
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The aforesaid table shows that the isostearate 3 19 ester wniW 
effectively with calcium carbonate and barium suffate The 30V fifeopc 
system with the organic titanate has better impact strength Than the e qui vale m 
S a ^.?™.^hout.thr titanate ester In the^case of the 40% filter/HDPE ys em 
containing calcium carbonate, calcium metasilicate, and barium sulfate f th™ 
impact strength was equal to or better than the h,*h dcnsiS pol^hvlene 
Additionally, the stiffness or tensile modulus of the calcium carbon a e filled 
HDPE is Significantly reduced by 3% of the organic titanate. Surnris n* v it 
decreases with increased loading. Even thoufh the modulus 7 reduced 
hfgh as a 6% tenSUe S£ren§th iS relati vely conTtam with Ldings as 

HDPF n ^jii^ e c mClt "' deX , of the barium sulfate - or c:llcium carbonate-filied 
HDPE remains reasonaoly constant. At 60% loadine, they have How 
characteristics similar to the 100% HDPE with no filler. * 

Example 15. 

™i .1 \ ■ ? X2 . m P le . l the application of the invention to filled low density 
polyethylene is described. The unfilled polyethylene admixed with 40° ' calcium 
efn^- te ls „ tested for v ° lu ™ resistivity (V.R.). tensile strength' moduluT 
eirS^ n , a f? d compared to the polyethylene filled w th calcium 

3 19 e£r nf e , r h ? aVing ^en dry-blended with 1%, 2% and 3% of the isostearaJc 
foLSj table- !nVentl ° n as a cou P lin g ^cm. The results" are shown in the 



Properties 


Unfilled 
Polyethylene 




40% Calcium Carbonate 




Percent Isostearate 
3.19 Ester 

V.R., 50°C, 
ohm-cm x 10 14 


60+ 


60+ 


60+ 


7°/ 

60+ 


60+ 


Tensile 
Strength, psi 


1638 


1464 


»245 


1222 


J124 


300% 

Modulus, psi 


1204 








964 


Elongation 


530 


40 


80 


150 


420 


Tear Strength, 
Die C: 

Pounds per inch 


500 


228 


262 


276 


284 


Relative energy 
to tear 


1100 


100 


230 


280 


450 



•.i™. 5 !? 1 he ^ n l tcd that the treatm ent with the orgamo-titanate improves the 
elongation; and the tear strength as compared to the aaareated fillTd materia] 

SS! pX U i?hy b ren n e 0tCd ^ *~* « ~ ed " ^ ^ 

. , . Example 16. 

ex t m P ,e shows the effect of the isostearate 3. 19 ester drv-blended with 
calcium carbonate on the impact strength of filled prfvoropvlene Ir i th2e 
experiments, the heat-aged and unaged impact strengths L. compared for unfilfed 
polypropylene polypropylene filled with 40 weight percent STdum carbonate 
and polypropylene filled with 40 weight percent calcium carbonate which h In 

on CaCO,) as shown in the table below. Heat aeing at 150°C is an accelerated tesi 
wi. n h°2 g h tC t rm ag,n £ effeCtS , at ambient temperatures. Thedry Wend" w« done 
Kl a 30 h tc. n Lr!6& H r e p m Chel ^ " * mbimt lem P-^e for a tferioo US 



20 
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samptar f ° liGwing tabIe shows the im P act strength of the imaged and heat-aged 



25 



30 



35 



40 



Unnotched Izod 
Impact Strength 
ft. Ib./in. width 





Composition 


Unaped 


Heat Aged at 150°C 
i ur to nours. 




Unfilled Polypropylene 


8.3 


Not tested 


10 


Polypropylene containing 40% 
calcium carbonate 


6.3 


0.57 




Polypropylenecantaining 40% 
calcium carbonate dry-blended with 
0.5% isosteara3e--3. 19 ester 


5.9 


6.0 


15 


Polypropyleneeontaining 40% 
calcium carbtasiate dry-blended with 
0.75% isostearate 3.19 ester 


7.0 


6.2 




Polypropylenecontaining 40% 
calcium carbonate drv-blended with 
1% isostearate 3.19 ester 


8.5 


7.2 


20 


Polypropylene containing 40% 
calcium carbonate and 3% isostearate 
3. 19 ester 


12.2 


Not tested 



i he above data clearly shows that the addition of the isostearate 3 19 ester of 
.ne invention substantially maintains the impact strength of the filled 
Pi! ? rl°Z y , C m$pl \ Z of ^ he heat a S in 8' whereas without the isostearate 3. 19 ester 
the filled polypropylene loses its impact strength (becomes brittle) to a marked 
degree. The data also show that the impact strength of filled polvpropvlene is 
greatly improved by the use of 3% of the isostearate 3.19 ester ' 

Example 17. 

In this example, the effect of the isostearate 3.19 ester on calcium carbonate- 
tilled polypropylene is evaluated. Two methods are employed to ascertain the 
ellect of the nuxing procedures on the physical properties of the end product In 
ine first method, the calcium carbonate and the organic titanate compound are 
dp-blended ,n a Henschel mixer at 3600 rpm for one minute. The mixing takes 
place initially at room temperature, but the admixture increases in temperature 
wiTL mi 'T g ° P ^f ti0n J Therafter ' test samples are formed by drv-blending 
T:,hf^ y FJ 0pyhne - i°' !owed J>y screw injection molding at 450° F. In the second 
method, the material from the Henschel mixer is compounded in a high shear 
double concemnc screw mixer at 450° F. Thereafter, samples are injection molded 
at this temperature. The following table shows the results obtained 



10 



15 



20 



25 



30 



35 



40 



Strength, psi IQ-'.psi ft.-lto ./in. ft.-tbs./in. ft..|bs°m. 



Method 1 



10 



15 



No filler 

40% CaCO, 

No titanate ester 


5,000 
6,460 


240 
950 


1.0 
0.6 


0.7 
0.4 


Not tested 
2.6 


5 


40% CaC0 3 

0.3% titanate ester* 


5,715 


635 


1.0 


0.6 


3.3 




40% CaCO, 

0.6% titanate ester* 


5,125 


590 


1.4 


1.1 


6.0 


10 


Method 2 














40% CaCO, 

0.6% titanate ester* 

Extruded (high shear 

mixing) 


4,740 


460 


2.5 


2.0 


.7.4 


15 



* based on CaCo, 
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30 



35 



40 



45 



-pi . " Example 18. 

table Th b e elo P w P,1 s C h a ^T ? co^risonT ?h°^& " ^ fa *' lS eXam P ie " The 

mdt mdTx detSned? ShCCtS COmminuted a *<> the specific gravity and 



Material 
Formulation 



Melt Index at 190°C 
Method E (ASTM)' 



Unfilled Polystyrene 

Polystyrene 50% CaCO-, 

Polystyrene 50% pretreated CaC0 3 
.S/ 0 isostearate 3. 1 9 ester 



Specific By Weight By Relative 
Gravity fagms. Vol. in mis. 



i.04 
1.50 

1.49 



0.90 
0:36 



0.86 
0.24 



The aforesaid table shows that the treated filler! ™k~* 
moidable. The untreated filled polystyrene has mS i^ yS - ne 15 ™ Cre readiI y 
cannot be as readily molded oK'offi SSj^?"* 111 " '^'^ that " 
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Example 19. 

This example: shows the use of isobutyl tri(6-aminocaprovl) titanates for the 
improvement of properties of 50% ciay-filled nylon 66. 

A composite containing 50 weight percent of nylon 66, 49.8 weight percent 
of clay, and 0.2 weight percent nfatitanate ester,-her-einafter defined, is prepared 
by blending the day, the titanate ester and the nylon 66 in a twin-screw extruder at 
600°F for one ninute. After the blending is'complete. samples are injection 
molded and the physical properties determined. The titanate esters, primarily 
isobutyl tri(6-arraiaocaproyl) titanate, have the formula: 

6(C 2 H 3 )(CH 3 )CH01^ n Ti[OCO(CH 2 ) 3 NH 3 ] tt 

where n is 2.8, 3.4 and 3.7. 

The following table shows the properties of these 50% clay-filled nylons: 

Property No Titanate n=2.8 n=3.4 n=3.7 



Flexural Strengtfo* 10 4 psi 


13.6 


14.6 


17.1 


14.2 


Flexural Modufas x 10 5 psi 


10.4 


10.8 


10.7 


10.8 


Tensile Strength ~x. 10 s psi 


7.9 


8.0 


9.4 


7.8 


Tensile Modulus x I0 5 psi 


13.6 


13.4 


13.5 


13.2 



The above tabfe shows that, when n equals 3.4, the flexural and tensile 
strength of the 50% clay-filled nylon are optimum. The data also show thar the 
isobutyl tn(6-aminocaproyl) titanate ester containing 3.4 moles of the amino- 
caproy! group is effective in improving the strength of clay-filled nylon 66. 

WHAT WE CLAIM IS:— 

A //^?j?«V? c S f ? r gano-titanates represented by the formula 
ii(OR) 4 _ n (OCOR) a wherein the or each OR is a hydrolyzable group as herein 
definea, the or each OCOR 1 is a non-hydroiyzable sroup as herein defined, at least 
one OCOR' group iiaving from 6 to 24 carbon atoms, and n is more than 3 but not 
greater 3.5, the mixture including at least some of one or more of the compounds 
represented by the formula Ti(0 ROCOCO R') m where m is an integer of from I to 

2. A mixture according to claim 1 wherein n is between 3.1 and 3.25. 

3. A mixture according to claim I or claim 2 wherein R is an alkyl eroup 
having from I to 5 carbon atoms. 

rw~rA; A mixture according to any of the preceding claims wherein at least one 
OCOR group is a stearic or isostearic group. 

5. A mixture according to any of the preceding claims wherein R is an 
isopropyl group. 

6. A composition comprising a comminuted inorganic material and a mixture 
i S .^l? ! i^^ in any of {ne Preceding claims or a titanate of the formula 
Ti(OR)(OCOR') 3 where OR and OCOR' are as defined in claim 1, the surface of 
the inorganic material having been reacted with the titanate mixture or titanate. 

7. A composition according to claim 6 wherein the inoraanic materia! is a 
metal, a metal oxide, carbon black, sulfur, calcium carbonate', silica or clav. 

8. A composition according to claim 7 wherein the mets! oxide is zinc oxide 
magnesium oxide, titanium oxide, yellow iron oxide, calcium oxide or lead oxide.' 

9. A composiaon according to any of claims 6 to S wherein the inorganic 
material and the tnanate mixture or titanate have been reacte.l in a rubber organic 
medium to torm a hydrophobic organo-titanate surface on the inorganic material 
to render the latter highly dispersible in said organic medium. 

10 A composition according to any of claims 6 to 3 wherein the inorganic 
material, naving the titanate mixture or titanate reacted on the surface thereof, is 
dispersed in a polymeric material. 

1 i. A composition according to claim 10 wherein the polymeric materia! is a 
thermoplastic or thermosetting polymer. 

12. A composition according to claim 10 wherein the polymeric material is a 
rubber. 1 ' 
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. 14. A process according to claim 13 whereii m^t^o?*™ med . lum - 

material ,« during the mixing of said Lh.°eT components P ol >' mer ' c 
Example BTESple C^" 8 t0 C ' aim 6 2Ud " described in 

of Exa'mpIe^TKl 9° n l ° C ' aim 6 a " d substa ^% as described in any 

Examples VtTlf. * CMm 13 * nd su ^tantia]!y as described in any of 

13 to 19 l/^d SP l! rSi ° n WhCneVer Pr ° dUCCd by 3 prOCess 25 c,aime C 'n any of claims 
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